Objective-To derive accurate survival figures in the current surgical era for counselling in early pregnancy after the diagnosis of fetal hypoplastic left heart syndrome. Setting-A tertiary referral centre for paediatric cardiology and cardiac surgery. Design-A retrospective study of the outcome in all cases of hypoplastic left heart syndrome presenting in fetal life between mid-1993 and the end of 1996. Patients-The diagnosis was made in 30 fetuses. In four of 12 identified before 24 weeks' gestation the mothers chose to terminate the pregnancy. There was an intention to treat in 24 of the remaining fetuses. Main outcome measure-Survival to six months of postnatal life. Results-Of the 24 infants, five were not oVered Norwood stage 1 because of trisomy 18 (n = 2), unfavourable cardiac anatomy (n = 2), or neurological impairment (n = 1). One further infant did not survive to cardiac surgery after gastrointestinal surgery. Of the remaining 18 patients, eight had features that were considered to increase the risk of surgical repair. Of the 18 patients who underwent Norwood stage 1, there were nine survivors. There was a survival rate of 70% in infants undergoing surgery with no complicating features, a 50% survival of the all surgical candidates, and 37.5% survival from an intention to treat position. Conclusions-At the initial diagnosis of fetal hypoplastic left heart syndrome, the overall survival appears to be less than 40%. Evaluation must include detailed extracardiac and intracardiac assessment to predict the risks of surgical treatment. Prenatal counselling can be modified as pregnancy advances, depending on the detection or exclusion of complicating factors.
The hypoplastic left heart syndrome is usually readily detectable before 20 weeks' gestation by echocardiographic examination of the four chamber view of the fetal heart, and is one of the most common abnormalities detected in the fetus.
1 Much more rarely, it can evolve in later pregnancy from critical aortic stenosis. 2 Prenatal diagnosis of the hypoplastic left heart syndrome has led to a decreasing prevalence of this syndrome in infancy 3 as a result of termination of pregnancy, particularly before treatment options became generally available. 4 As the results of the Norwood staged palliation for the hypoplastic left heart syndrome have improved, however, mothers increasingly elect to continue with an aVected pregnancy. In order to counsel parents accurately in early pregnancy, it is essential to understand the natural history of this condition and to be able to describe the likely survival after surgery in the current era. As our surgical results are comparable with those reported in other series, [5] [6] [7] we analysed the outcome in a recent series of patients where the diagnosis of the hypoplastic left heart syndrome was made in utero.
Methods
Of a series of over 160 fetal cardiac anomalies detected in our institution between June 1993 and the end of 1996, 30 were examples of critical mitral stenosis or mitral atresia with aortic concordance. The aorta was atretic with reverse flow in the transverse arch in 27 cases, and patent in three cases, with an associated ventricular septal defect. The gestational age at presentation to the referral centre ranged between 17 and 41 weeks' gestation, with a mean and median of 29 weeks. Four sets of parents chose to terminate the pregnancy and two chose not to have the infant treated surgically after delivery. The remaining 24 fetuses, where there was an intention to treat, form the focus of this study. In all continuing pregnancies an attempt was made to assess suitability for Norwood stage 1. This involved fetal karyotyping and a detailed fetal anatomical survey. In addition, the following cardiac structures were evaluated: the pulmonary veins by colour and pulsed Doppler; the site and size of the atrial septal defect; the morphology of the tricuspid and pulmonary valves; qualitative right ventricular function. The outcome after delivery was studied retrospectively.
Results

EXTRACARDIAC ANOMALIES
Two fetuses proved to have trisomy 18 at amniocentesis. These neonates were not offered surgical treatment. A further fetus had Turner's syndrome and was mosaic for a deletion of chromosome 8 but in view of uncertainty about the future severity of neurological impairment, the parents opted for surgical treatment. Two fetuses proved to have extracardiac malformations-a tracheo-oesophageal fistula and multiple small bowel atresias, respectively. Both patients had early gastrointestinal surgery. The first patient did not survive to undergo the Norwood stage 1 procedure but died of sepsis postoperatively. One further patient suVered a cerebrovascular accident in the first days of life with resulting severe neurological impairment. This neonate was not oVered surgery.
ADDITIONAL INTRACARDIAC ANOMALIES
Two neonates were not considered suitable for Norwood stage 1 because of unfavourable additional cardiac findings. These were tricuspid valve dysplasia with moderate regurgitation in one case and significant pulmonary stenosis in the other. In a further case, there was an intact atrial septum with normal pulmonary venous connection but supracardiac total anomalous pulmonary venous return; five additional cases had evidence of a restrictive foramen ovale on examination of the pulmonary venous flow profile. None of the patients in our series had right ventricular dysfunction prenatally. SURGICAL OUTCOME Eighteen infants underwent Norwood stage 1, 17 in our centre. Six died within 24 hours of surgery, one being preterm, weighing 1.8 kg. The patient with multiple bowel atresias died from sepsis and right ventricular dysfunction four months after Norwood stage 1. The patient managed surgically at another centre had severe neurological impairment and died. One survivor of stage 1 Norwood had severe right ventricular dysfunction, was listed for heart transplantation, and died during this procedure. There were 10 neonates with no complicating features at surgery, of whom seven survived. The outcome for the total group of 30 pregnancies is summarised in fig 1. 
Discussion
Although there is no universal agreement on the usefulness of routine ultrasound during pregnancy, most pregnant women have at least one scan. Examination of the heart using a four chamber view constitutes part of the fetal evaluation recommended by the bodies that supervise prenatal ultrasound, such as the American Institute of Ultrasound in Medicine and the American College of Obstetrics and Gynecology. Although it is possible to detect nearly every four chamber view anomaly during routine obstetric screening, 8 in practice many cardiac defects are still overlooked. [9] [10] [11] Montana et al, in a recent publication, showed that overall only 28% of cases of hypoplastic left heart syndrome were detected prenatally, although the rate of detection had improved between 1990 and 1994 from 18% to 40%. 11 This is comparable with our current experience-over a three and half year period, 60 patients presented to our institution with the hypoplastic left heart syndrome, of whom 30 (50%) were diagnosed prenatally.
Of the 30 cases, 12 were diagnosed before 24 weeks' gestation. Four sets of parents chose to interrupt the pregnancy. The low rate of termination of pregnancy (33% of those diagnosed early) and "compassionate care" choice (two of 26 continuing pregnancies) indicate that the patients who come to our centre are selected and in general are seeking further information about surgical treatment after initial diagnosis and counselling elsewhere.
When counselling parents in early pregnancy about the results of palliative surgery, it is important to understand that there are several "hazards" the fetus faces before reaching surgery (table 1) . The first hazard is the fetal karyotype. There were chromosomal anomalies in three of 30 cases (10%). This is higher than that found in a previous series of 161 cases, 1 where there was a rate of 4%, but the numbers in this present series are small. It is therefore important to karyotype all ongoing pregnancies with the diagnosis of the hypoplastic left heart syndrome before rearranging the perinatal care.
The second hazard is the finding of extracardiac malformations. The complex nature of the first surgery in the hypoplastic left heart syndrome is such that additional problems will have an impact on the survival rate. There were extracardiac malformations in two cases in our series that contributed significantly to the fatal outcome, one before and the other after Norwood stage 1. Both were gastrointestinal anomalies that did not become evident in either case until the third trimester of pregnancy, despite regular and skilled sonographic surveillance.
An additional hazard is prematurity, which occurred in one case. Prematurity and the weight of 1.8 kg at surgery was thought to contribute to perioperative death.
Prenatal diagnosis and delivery within a cardiac centre might be expected to give the best results for postnatal treatment, 12 by avoiding the hazards of neonatal transfer and the possibility of hypoxia or acidosis causing neurological damage. However, one neonatedespite delivery at the cardiac centre and ideal perinatal support-was found to be neurologically impaired before surgery owing to cerebral thrombosis of unknown origin.
Eight fetuses had other intracardiac findings that influenced the management or postnatal outcome. One fetus had significant tricuspid dysplasia with moderate regurgitation and one had significant pulmonary valve stenosis. Both these neonates were considered unsuitable for Norwood stage 1. A restrictive or intact atrial septum in the setting of a hypoplastic left heart syndrome has been associated with a poor survival. 13 Prenatal detection in six fetuses allowed early intervention, with survival in two of the five in whom surgery was oVered. The restrictive nature of the atrial septum was thought to contribute to death in one of the three who died. Identification of cases where the intracardiac findings are unfavourable for Norwood palliation could have allowed rerouting to neonatal transplantation, 14 although this was not considered in our cases by parental choice.
CONCLUSIONS
Of 24 cases of the hypoplastic left heart syndrome diagnosed prenatally where there was an intention to treat after delivery, 18 cases reached surgery and nine survived. This represents 37.5% survival in those cases where there was an intention to treat, and 50% survival in those reaching surgery. Chromosomal anomalies, extracardiac malformations, and additional intracardiac malformations contributed to the presurgical and surgical mortality. This emphasises the importance of evaluating the karyotype, the extracardiac fetal anatomy, the pulmonary veins, the site and size of the atrial septal defect, the morphology of the tricuspid and pulmonary valves, and right ventricular function in a continuing pregnancy with the hypoplastic left heart syndrome. At the time of initial diagnosis of the hypoplastic left heart syndrome in a fetus in early pregnancy, the overall survival rate may be less than 40%. In contrast, a full term neonate with ideal anatomy and without other anomalies may have a survival rate of over 70% at Norwood stage 1. As additional complicating features are excluded, the prediction of risk can be modified progressively from the time of the initial diagnosis until the infant reaches surgery.
